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Abstract 
Practical knowledge gained at university is an important subject for today's engineering major students. The paper proposes a 
learning by doing method and involves students attending the Electrical Power University. In this paper we developed an 
interface that simulates in Delphi the control monitors of the dispatchers. The program aims to deepen and test knowledge, but 
also follows the reaction capacity of the students. The student has the option to put himself in the dispatcher's place, commanding 
breakers and disconnectors. The program assists and notes all the student’s moves and when he makes a mistake, it warns him 
about the error he has made. Another variable that the interface uses is reaction time, the student being penalized with a smaller 
grade if he does not make a decision in time. The program is structured in three difficulty levels, starting from an easy level in 
test 1 and reaching a medium to advanced level in test 3. At the end of the tests, the program shows the three test grades and their 
average. The student is also shown a list of all the areas where he failed and the bonuses for doing right and in time. This kind of 
program helps the student solidify his knowledge and test his abilities. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
  This paper proposes a learning by doing method and involves Electroenergetics students. It also attempts to 
establish a connection between the student from the Faculty of Electroenergetics and the work of an engineer who 
already operates in this field. We developed a Delphi interface that simulates the command monitors of a dispatcher, 
aimed at deepening students' knowledge and also testing them. This paper focuses on a student's perceptual learning, 
training the automatisms of chaining of the information and also a deepening of the rules. Special emphasis is placed 
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on the ability to focus and pay attention.With the help of the interface, the student has the opportunity to play the 
dispatcher’s role and to command the power circuit breakers and the disconnector switches. The program assists all 
the student’s movements. Every command given by the student in this simulator is saved on a spreadsheet, in which 
the student’s errors and bonuses are also specified. When the student submits a wrong command the program 
penalizes him and also warns him that it was an erroneous command.Another variable taken into account in this 
interface is reaction time, the student being penalized by lowering his grade if his decision is not made in time. The 
program is structured around three tests with different difficulty levels. The first test is less difficult and has the role 
of helping the student adapt to the interface requirements. In the second and third tests, the level of difficulty is 
increased, leading to medium to advanced level requirements.This interface allows the assessment of a student’s 
ability to apply the acquired knowledge and to highlight the degree of mastering the knowledge and skills acquired. 
At the end of the tests, the program displays the grades for each of the three tests and their average. The student can 
also see a spreadsheet with the areas where he went wrong and bonuses given for correct and in time answers, and 
also the commands given to the disconnector switches and the power circuit breakers. 
The concept for the program is based on the basic principles of SCADA monitoring and control systems in which 
software interlocks give the student opportunities to make mistakes. Instead of interlocks warning windows are 
activated,showing the student his error and automaticallylowering his starting grade (Beatriz Portilla, Bogota, 
Colombia, 2014). 
2. The program structure 
The interface is developed in the Borland Delphi program and consists of eight interconnected windows. There 
are five windows to inform the user, one for logging(Figure 1a) and two for acting itself (Cantu, 2009). The 
information entered by the student in the login screen is accompanied through all other phases of the program. After 
the student logs in, he is informed about the working principle of the program and the requirements of the three tests 
(Figure 1b). If the entered information is wrong the student has the opportunity to cancel it and login again. When 
the student feels ready, he can start the first test by simply pressing the Start Test button. 
 
 
Fig. 1. (a) Log in window; (b) Information window. 
The schemes working in this interface are classical schemes taken from the major books. This paper’s aim is to 
respect the basic principles, not study individual cases(Comanescu,  Costinas&Iordache, 2005) 
In test number 1 (Figure 2) the student is asked to prepare to review the power circuit breaker number 1, and to 
give a little difficulty to the test we introduced three consumers and a time limit. 
 
 
. 
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Fig. 2. Test number 1 
 
In the upper left of the screen, the student has the opportunity to find out information about the starting grade and 
the time available(Figure 3a). In this test, the student must be careful to respect the number of consumers, to respect 
the basic principle of cutting the power supply of a circuit, not to work in another perimeter than the one indicated in 
the requirements and to do so within the time limit. At the start of the test the student benefits from an initial time, 
varying from 30 seconds to 45-50 seconds depending on the difficulty of the test. For each correct decision the 
student receives a time bonus of 30 seconds (Figure 3b). 
 
 
Fig. 3. (a) The test data; (b) Bonus announcement window 
 
Every intervention in unauthorized areas, violating the basic principle of cutting the power supply, and also lack 
of completing the test in the available time, results in a low start grade. Depending on the seriousness of the error, 
the starting grade can be lowered by one or two points. 
The test ends in two conditions: if the student’s starting grade is below five, or if the student has met all the 
requirements of the test. 
The same operational principle applies to both test 2 and test 3. The only thing that changes is the difficulty. Test 
2 requires the student to balance consumption on the two buses by passing a consumer from one bus to the other 
without affecting the consumer’s power supply. This test is solved by using the longitudinal coupling available and 
by respecting the basic rules in handling these consumer-longitudinal coupling assemblies. In test 3 training is 
required for maintenance of a power circuit breaker without affecting the consumer’s power supply. Solving the 
problem consistsof shifting the consumer on the transfer bus and respecting the basic rules in handling these 
consumer-coupling assemblies. Both tests are based on the same pattern but with different conditions (Figure 4). 
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Fig. 4. Test number 2 
 
After finalizing the three tests, a window shows the student the grades he obtained on the three tests and the 
overall average grade. He also has the possibility of seeing a spreadsheet in which he can see where he made 
mistakes and where he acquired bonuses (Figure 5).Figure 6 shows the overall scheme of the interface presented 
above. 
 
 
Fig. 5.Test results window 
2308   Cosmin Petru Agape et al. /  Procedia - Social and Behavioral Sciences  197 ( 2015 )  2304 – 2309 
 
Fig. 6. General scheme of the interface 
3. Development visions 
      
The interface is structured on three tests with the aim of putting the student in a position to perform manoeuvres 
in the given scheme. In future this interface can be developed significantly by adding complexity and increasing the 
degrees of difficulty. We hope, in future, to reach a set of 10 independent tests, six tests to track the execution of 
manoeuvres andgradually increasing the degree of difficulty from simple manoeuvres to increasingly complex ones. 
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In the manoeuvres chapter we try to develop the following tests: 
- a first test in order to easily adapt the user to the interface: a test with the requirement of cutting the power supply 
to a consumer and a preparation for review of the circuit breaker. Tests like test 1 presented in the previous 
interface. 
- a test to use longitudinal coupling as in test 2 without the influence of powering the consumer; 
- a test to use a transversal couple without the influence of powering the consumer; 
- a test to use the transfer couple as in test 3; 
- a test to use a combined couple; 
- a test with a loop scheme in which a reconfiguration of the work loop is required due to alleged problems; 
  Through the six possible developments of tests that consist of manoeuvring disconnector switches and 
power circuit breakers,the student may undergo a wide variety of situations and cover almost all possible types of 
manoeuvres, deepening and testing his knowledge and abilities to perceive SCADA system schemes. 
  In everyday reality the dispatcher also faces other types of problems, some of which are communications 
problems with transmission errors and to this end we propose two tests below. 
 A test to simulate a refusal to start the power circuit breaker and a refusal due to transmissions, in which 
the student will be able to try a restarting and for that start to be accepted, but also to be able to send in the 
intervention team after the first failed start and then be penalized for it, as it sends the intervention team into a 
situation not requiring such a measure. 
  A second test to simulate a transmission problem consists ofan area isolation and preparing for intervention 
personnel’s access. The student has the possibility to trigger a power circuit breaker. The screen also displays the 
current taken by the consumer, and the current after the power circuit breaker start must not be 0, which is 
equivalent to cutting the power supply to the consumer. If the student does not pay attention to this detail and allows 
the emergency personnel access without noticing the communication error, he will be penalized. 
 If the possible eight tests cover a large section of the manoeuvres chapter and remote transmission errors, 
we believe that it would require another two tests where the student can be submitted to a possible technical 
problem, be able to send an intervention team, and select which tasks the intervention team should fulfil. 
 
4. Conclusion 
 
The SCADA simulator interface exemplified via the presented application has proven its effectiveness in the 
evaluation process and in deepening knowledge from multiple perspectives: the student can make connections 
between learned theory and its applicability, the test asking him for some special attention to concrete situations. 
The student’s capacity to apply his gained knowledge is evaluated and highlights the degree of mastery of the 
situation, everything fitting in a limited amount of time, and the grade being shown immediately on completion of 
the test. Through this interface the teacher can study a student’s self-control, calmness and knowledge in a supposed 
situation that brings the student closer to the practical reality. 
In future, development of more complex applications that can be managed through a wider range of activities 
might be considered. 
Certainly not all the students get to be in a dispatcher’s position, but most will have contact, albeit tangentially, 
with the dispatchers. The future engineer must know the information the dispatcher has sent and what he can help 
him with or what information to ask for. Bringing students closer to practical reality is essential and should be 
developed further in future. 
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